Hypoxia inducible factors (HIF) are candidate transcriptional regulators of vascular development. Unlike HIF-1a ± the founding member of the HIF family ± which is expressed more or less ubiquitously, HIF-2a (also called HRF, HLF and EPAS1) is highly expressed by vascular endothelial cells and was shown to activate the transcription of endothelial cell-speci®c receptor tyrosine kinases (tie-2 and¯k-1/VEGF receptor 2) and of vascular endothelial growth factor (VEGF). Therefore HIF-2a is a candidate dual regulator of vascular development. Here we describe the quail homologue of HIF-2a . Sequence analysis reveals that HIF-2a is highly conserved between birds and mammals. Like the murine HIF-2a , the quail molecule is highly expressed by endothelial cells but also detectable in certain epithelial cells such as in the endoderm. q
Results
Endothelial cell-speci®c transcription factors are candidate regulators of endothelial cell differentiation and vascular development (for review see Risau and Flamme, 1995; . Recently, a novel member of the bHLH PAS family of transcription factors was cloned which is expressed at high levels in vascular endothelium in the mouse embryo. This factor is highly homologues to hypoxia inducible factor-1a (HIF-1a ) and therefore was named HIF-2a (HRF/HLF/EPAS-1/MOP2) (Ema et al., 1997; Flamme et al., 1997; Hogenesch et al., 1997; Tian et al., 1997) . Like HIF-1a , HIF-2a is inducible by hypoxia via protein stabilization, and as a heterodimer with ARNT it binds to a 6 basepair consensus sequence (hypoxia responsive element) in the regulatory sequences of hypoxia responsive genes (Tian et al., 1997; Wiesener et al., 1998) . HIF-2a was shown to activate the transcription of endothelial cell-speci®c receptor tyrosine kinase such as¯k-1 and tie-2 (Tian et al., 1997; Kappel et al., 1999) as well as of VEGF (Ema et al., 1997) . Signaling via VEGF/¯k-1 and ang-1/tie 2 are indispensable for vascular development (for review see . Thus, HIF-2a could be an important regulator of vasculogenesis and embryonic angiogenesis. In the present study we describe the mRNA cloning and the expression pattern of the quail homologue of HIF2a .
Using degenerate primers deduced from the murine HIF2a sequence, a 438 bp fragment was cloned from E10 quail liver cDNA which by sequencing was likely to represent the quail homologue of the murine HIF-2a mRNA. The PCR product was used as a probe for further hybridization of an E1 quail l gt10 cDNA library. Three clones were isolated and mapped by restriction analysis. One clone of 3 kb length was sequenced completely (Fig. 1 ). An 870 amino acid sequence translated from the longest open reading frame of this clone shared 71% identical amino acids with the murine HIF-2a and 73% with the human homologue, but only 47% with murine HIF-1a and 28% with murine HIF3a . Highest homology was observed in the bHLH-PAS domains (92% identity, amino acids 15 to 290) and in the putative transactivation domain at the carboxy terminus (93% identity, amino acids 824 to 866) (O'Rourke et al., 1999) . Thus, the cloned mRNA was more closely related to mammalian HIF-2a than to other HIF family members and was therefore denominated qHIF-2a . Northern blot hybridization performed with the quail HIF-2a 438 bp PCR fragment revealed a single mRNA species migrating at about 5.2 knt (Fig. 2) . Essentially equal amounts of mRNA were detected during the early stages of vasculogenesis and angiogenesis from E1 to E4. Strongest signal was obtained in the yolk sac at E2. Location of mRNA was visualized by in situ hybridization using radioactive and digoxigeninlabeled riboprobes. In whole-mount preparations of E1 embryos (primitive streak stage) HIF-2a message was evenly distributed and in sections was detected in all three germ layers (not shown). After formation of the vascular plexus, quail HIF-2a was expressed like its murine homologue by endothelial and also endocardial cells in embryos from E2 to E10 (Figs. 3A±D and 4C ) but also by epithelial cells in the extraembryonic ectoderm and the endoderm (Fig. 3A) . From E4 onward the signal was more prominent in endothelial than in epithelial cells. All blood vessels of the yolk sac became clearly visible by whole-mount in situ hybridization (Fig. 4) . The epithelial expression of HIF-2a was con®rmed by Northern blot analysis where the message could be detected in the yolk sac endoderm in amounts equal to those in other tissues (Fig. 2) . Since the endoderm is considered to be a major source of VEGF during vasculogenesis and early embryogenesis Flamme et al., 1995) , HIF-2a expression could be relevant for the expression of VEGF. In the embryonic lung ± in contrast to mice ± HIF-2a mRNA was not seen in other cells than the endothelium (Fig. 3F) (Flamme et al., 1997; Jain et al., 1998) .
Materials and methods
Degenerate primers used for the ampli®cation of the 438 bp qHIF-2a cDNA fragment were: 5
H (3 H -oligonucleotide). After cloning into pBluescript (Stratagene), the fragment was sequenced and used as a probe for hybridization of an E1 quail embryo l gt10 cDNA library (500 000 pfu were screened). Hybridizing clones were isolated and phage DNA was prepared. cDNA inserts were cloned into the EcoRI site of pBluescript and sequenced. Northern blot and in situ hybridization were performed using 32 P-labeled cDNA and 35 S-or digoxigenin-labeled single-stranded RNA probes, respectively, which were generated from the 438 bp qHIF-2a cDNA fragment or a 940 bp EcoRV fragment. 
